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The invention is described in ihe following statement 



MONITORIN^ON WATER SPd^ 

This Invention relates to a method and systom.fof monitoring performance 
charaeterlsliGs, of athletes and watercraft In On water spprts.^uc^^ as rowing. 
.5 kayaking.. 8urf-sld riding and sailing. . t \ 

Backgrounid to tha inventioh 

IVIonKoring of athletes perfbrmance boUi in training and in competitk>n is 
important in the development and. implementati.on of i»ew approaches aimed at 

10 improving sporting perfonnanoe. 

Thfe ability to measure and record athlete physlotogical infomiation and positional 
information associated vyith athlete movement in real-time is critical in the 
process of.athlete training and coaching. Blood oxygen, respiration, heart rates, 
velocity, acceleration/force, changes in direction, and position and many other 

15 Victors, are required in elite athlete Gaining and coaching: The position, 
movement and force information plays an important role in effective analysis of 
the athlete perfomiance, especially for rowers. For example, the stroke 
frequency, force and synchronisation of athletes are: critical for the performance 
of the nawers in a competition. Currently the stroke information can only be 

20 measured in either dedicated sports laboratories or using siniulated devices. 
Reliable analysis of the stroke rate and stroke distance In rowing has been a 
challenge for a long time diie to ti^e availability of the reial scenwio data, in 
parScular a high precision of position, vekwity and acceleration data. Existing 
technofogies used for tMs purpose Include theoretical studies, video-footage 

25 procedure, indoor tank procedure, computer modelling and ergometer studies. 
Much of the equipment is either too heavy, expensive, obtmslve or less reliable, 
Therefore, smart real-time monitoring during training and competition to help elite 
athletes to improve th^r performance and avoid Injuries is critical for both 
athletes and coaches. Any methodotogy that would improve the situation would 

30 not only bring benefits to the rower practfce. but al^ to many other sports related 
appHcatfon induding both tearn sports and indivlduai athlete. 



USA patents 4984986:andi5099689 dtsd^^^ off v^i^ter' "'■ 

rowing apparatas whrc^^^ the number of strokes orthe force appl^ 

tfie machine:: ■ • * ^\ ' - z^. : ■ \y -r . 

USA patent 6308649 dlsdpses a mortitoring system for sail, boat racing which 
provides feedback to the creW of such parameters as.wind speed ant?l direction 
boat speed, sail boat comfort parameters , sail shape^ Hne tensions, rudder angle 

etc. •* ' / • : • ' ' 

Sonje development of monitoring systems has occurr^sd In noh water sports. 
USA 6148262 discloses a bike mounted sports computer including a GPS 
receiver to provide a mapping facility. - 
It Is an object of this Invention to provide a device for real time monftorfng of both 
boat and athlete performance in on water sports. 

Brief description of the invention 

To this end the present invention provides an on water data logger which 
includes 

a) A movenrient sensor to sense movement 

b) at least one physiological sensor attachable to a human body 

c) a control unit to receive the data from the accelerometer and.the 
physidioglcal sensor 

d) said control unit being programmed to manipulate the received data 
and transform it into useful parameters for assessing performance 

e) display means for displaying the said parameters 

f) storage means for storing the parameters arid/or 

g) telemetry means fbr transmitting the parameters to a remote control 
point 

This device will provide longitudinal data from the training and competition 
environment and provide both athlete physiological data and perfbmiance date 
related to the sport 

For rowing or other on water sporte the movement sensor data may be used to 
produce out puts that conrelate to 
a), boat speed 



b) acceleration or torce^^ 
: cjvstmke rate -^^.i: * / . • ^ 
The^overnBrit sensor te preferably an but m^y aJso be an ' .. 

impeller unit to sense velocity or a . GPS unit. sense- instarrtarieous boat position 
5 and . velocity or comblfiattons of these sensors- . An Impeiler may be fitled tp the 
bo^t hull and lts rotations sensed to derive boat speed. A disadvantage of the 
Impeiler is that It does Impede boat speed and Is thus not desljrable.for use during 
competitioh: Altfernaitively a micro fluid flow sensor may be fitted to the hull to 
measure the Water flow past a point on the hull to detentilne boat speed. A micro 
10 fluid flow sensor would not Impede the boat speed. A GPS receiver transmitter 
may be included in the device to derive location and speed parameters. 
The physiological sensors used are attached to the boat crew. Heart rate is the 
prime parameter to be measured and this may be sensed using electrical sensors 
or microphones. Respiratory rate Is also important and may be measured by 
15 sensing the stretching of a chest band or usfng a microphone arid signal 

recognition software. Another parametfer is arterial oxygen saturation which may 
be measured hon invasiveiy by a sensor, placed on an eariobe or finger tip. using 
pulse oxirnetry employing an infra red absorption fechnlque. Infra-red 
spectroscopy may be used for hori invasive measurement of l>lood lactate 
20 concentrations. 

Detailed description of the Invention 

Particular embodiments of the invention will be describ|ed. 
Figure 1 1s a schematic layout of a data logger used for a rower and a rowing 
25 shell; 

Figure 2 shows the components of the data logger system used in a rowing shell; 
Figure 3 i$ a graphical illustration of stroke rate detemnined by using GPS data; 
Figure 4 shows the GPS signals as received over a period of an hdun 
Figure 5 illustrates the deviation between code and carrier derived velocity 
30 measurements. 

A rowing strol^e Is a precise movement with rowers using their legs^ bacl^ and 
arms to generate power. A stroke begins with the placing of the par in the water 



and ends with the reemerging; of the oar fi^jm Ih^ 

another cycle; The rowing stroke can be dJyided into four nialn phases: catchy 
drive, finish and recovery. These sequential phases^^raust flow from and into each 
other to produce a (Mntlnuibus ah 
5 The Catch. A t the catch, the biatje is placed irito ttie water quiddy whjte; the 
dl^rbarice to the boat is minlmtewJ. the rower's arrn? are extended outwaid. 
tbi^ is tilted forward, and legs are compressed, k good catch produces a 
minimal amount offback and front ^plash.and causes minltnal check. The catches 
of all crews of a boat nfiust be lde»it'cal. Out of 8tep .datehe8 (unsynchrortisafion) 
10 cause balance problems and reduce a boafs spewl. The blade must be fully 
squared to the water at the catch. 

The Drive. B oat gains Its speed on the drive. In this portion of the stroke, the 
oarsman applies power to the oar with forces from arms, back and tegs, and 
swings his torso away ftorri the stsm of the boat. The handle of the oar is pulled 
15 in a clean, powerful and leveled rnotion towards the bow of the boat with a 
constant force. 

The Finish. A t the finish, the oarsman finishes applying power to the oar handle, 
removes the blade of the oar from the water sharply, and feathers the oar so that 
the Wade of the oar becomes parallel to the surface of the water. 

20 The Recoven/. T his portion of the stroke gives rowers a brief rest to prepare for 
the next sfroke. The oarsman must slide towards the stem of the boat and 
prepare the blade for the next catch. Crews exhibit an approximate 2:1 ratio 
. between the time spent on the recovery and the flme spend on the drive. At the 
end of the recovery, the oar Is gradually squared (the blade of the oar becomes 

25 perpendicular to the surface of the water) and prepared ftM- the catch. 

Understending which movements should occur In each phase of the stroke allows 
coadies to design effective qohditibning programs and evaluate rowing 
performance effectively. Success in competitive rowing Is achieved by taking the 
shortest time to comptete a 200.0m course which directly links to the average 

30 vetoclty of the boat. Acceleration Is proportional to fbrce and time since the boat 
Is accelerated as It reacte with sweeplrig arc of the bar Three factors 
affecting boat velocity, power, length and rate, iare importent detennlnante of 



rowing performance, the power provides how fest the boat travels In a stroke, ; 
the length Is sissociated virith how far tfiebosft travels In.eacH.^ttokfe and the ratte 
provld(BSrhow hriany sbokes are rowted per rplriUte. .Theretpr^ t^ie rbwer must 
achieve an optliTial combination of high slroke power, long sfroke-fength and high 

.5 sfrokerate. " "•• . V: , - ; 

Data obtained f rpm acceterometers has been used to. alc) J|ie d)aching process 

and improve atiilete perfbrmaiice. 
. Recent dev^opments in hrilcro-eledromechanicai systems (MEIMS) technology 
have opened new ayenues for the use df high precision lightweight 
10 aooelerometera aire* gyroscopes for new and challenging ^ports appli(»iions (eg. 
characterise rate and iengtti of rouring stroke and 

stride). WEMS integrate both electrical and mechanical componente on a single 
chip through extensive research into integrated circuit processing technologies. 
As MEMS accelerometers originated from monitoring vehicle safety and 

15 electronic stablBsation. they only provided very low accuracy measurements. 
However, as mfcromechanlcat devices are inherently smaller, lighter, and usually 
more predse than their macroscopic counterparts, more and more reliable 
sensors are becoming available. Accelerometers measure linear acceleration and 
gyroscopes measure angular acceleration (pitch, yaw and roll). 

20 Most accelerometers are used concurrently with gyroscopes to fbnri an inertiai 
navigation or "dejad rei*oning" systan. That is where the deviation from position 
of a known relerenco (or starting point) Is detemnined by Jntegratton of 
acceleration In each axis over time. To minimise the error, the gyroscopes enable 
the orientation <if the aicc^erometer to be detennlned and ttie integrator Is reset 

25 to known reference positions upon each ground contacL In this approach, botii 
acc^erometric and gyroscopic fransduoers are comlM'ned to .gatiier.and transmit 
complete 3-dimenslonal Infonfwtlon about a rower's motion, 
inertiai sensors errors include Initial system heading en-prs, gyro scale factor 
errors^ accelerqmeter scale factor and bias en-ors and gyro bias enrors. These 

30 drifts and Uases inherent in the Inertiai sensors win cause a misalignment of the 
platform and errors In the sensed accelerations, which subsequentiy results in 
errors in cpmputed velocities and positions. 



The advent ot the advanoed global havigatipb satellite systems (GNSS), GPS in 
■ partcular! has reveilutionfe^^ conventidnal precise positioning techniques. QPS 
has Ijeen mad4 mori^^ a^ wide range of -applications througli tr^ 

evolutiori of rapid jstatic and l<inematic methods, and now even more-so witt>.:the 
5 advent of the On-^The-Fly (OTF) technique and fnost reeenUy nebwork-bas^d 
■ . RTK techniques such as the Trimble virtual raferertoe station system ^pd o++ 
surface con-ection p^f&metermethpdV Real-time K^^ 

positioning allows fbr the determinatlohjof the Integer ambiguities in r^l-tlme. Itis 
ttierefbre not necessary to cany out any static inlSalisation befbre perfbnnlng the 

10 survey. Due to the small vwavelengthd of the carrier phase frequencies 
(eL1iOl9cm and eL2|024cm). the detemiiriatlon of position within a specific 
orde to a millimetre level by litlllslrig differerAlal carrier phase measurements. (I.e. 
difi^ntiai technkjues) IS possible. Mos* systems statistically determine the most 
fikely solution for the position of tiie roving receiver. Virtually, all carrier phase 

15 processing algorithins that utilise an OTF technique, rely on the double difference 
carrier phase observables as the primary measurement A search box is 
determined vrttiiin which the position must lie; All possible solutions are tiien 
assessed andW statistically most-likely candidate Is selected. This procedure is 
extremely computing intensive, particularly with a large number of satellites. 

20 Regardless of whether the system is for real-time or post-mission use, the. 
algorithm Is generally treated the same. Clearly, with real-time implementations, 
data outages, unfavourable observation environments, multipath and cycle slips 
can severely limit flie performance of the system. The time for ambiguity 
resolution can range from a few seconds to several minutes depending on some 

25 of Uie following considerations: 

• Use of L1 versus L1-L2 (widelane. l2 I^ obseryaWe 

• Distance between reference and roaming receivers 

• Number and geometry of satellites 

• Arnbiguity search method used and differential abnosph»lc conditions 

30 • Quaiity of the received signal (multipath effecte. code and carrier phase noise 
etc.) 



Precise: defection and: removal of cycle slips: la ^sentlal for the succ^sfui us^ of 
the OTF kinematic ^PS techni<iue. Variqus cyde ^llp detection t^niques have 
. been developed^ in the past decade: 1^^ . 
techniques, csomparing the difference between adjacent carrier phase aricf code 
5 values (range residual), comparihg the. sidjajSent four observaWes equation. 

comparing adjacent. Ionospheric , re?iidual, . the leastsquares ambiguity 
. : decorrelatipn adjustment - carrier phase cuwe fiW^.. using redundant satellites 
. and using the raw Doppler values. These methods typically assume a Itnown 
stochastic behaviour fbr unmodelied errors (&g. noise, multlp&th, differential 
10 atmospheric effects), which if preserrt. will advers^y affect the perfbrmance of the 
algorithm. None of these techniques can "cure all" kinematic posHionlng 
. problems. Sometimes a,cybl» slip may be detected, but not accurately corrected 
fbr. Such Instances incluae a loss of tock, . large multipath effects and lower 
signal-to-noise ratio. This necessitates the combination of two or more of these 
15 technique for a more robust solution. 

figure 1 illustrates Ihebasic components of a system to monitor boat speed and 
an oareman's haart:rate. 

The accelerometer provides a PWM output where the duty cyde is related to the 
acceleration. On the rising edge and failing edge of the PWM output, a timer 
20 value is captured and used to calculate the accelerometers duty cycle. The 
flnnware also indudes an algorithm to adjust for Jitter In the PWM period, and for 
a small amount of drift. A more detailed algorithm that compensates for 
temperature drift over time has been looked at and will be Implemented at a later 
date. 

25 The impeller pickup uses a Melexis MLX90215 Hall Effect sensor to detect the 
rotations of the NK impejier. The MLX90216 Is programmed with a sensitlyity of 
lOOmV/mT. Output ftom the sensor is amplified by 100 to increase the signal 
amplitude to a usable range. This signal Is then sampled using an fiJD at 12G0Hz 
and processed using DSP techniques within the firmware to calculate rotations. 

30 Instead of using an impeller to detect boat sp?ed a water flow sensor may be 
used. One preferred sensor li a rnlcro PCB or silicon based micro fluid flow 
sensor that uses a heater in combination with a heat sensor that measures the 



8 



change in temperature of fluid flowing past Ihe heater and sensor to determine 
the fluid flow rate which in this ease ls the water flowing past a fixed point on the 
boat hull. This can then be used to measure boat speed; 
. For competition and race profile analysis It is preferred not to use impellers or 

5 water flow sensors but rely on GPS and accelerometers. 

The display device is a handheld Compaq iPAQ computer programmed to 
present the data in a form that is usefUl to a coach or rower: . 
It is preferred that the device have data logging and IrDA transfer capabilities 
which makes data storage on the unit of slightly less importance. However 

10 storing data on the unit makes sense as the raw data can be streamed Into the 
device and the greater processing power of th? Unit chip allovi^ for flexible 
software and display development 

The microprocessor is a Hitachi HD64F3672FP which stems from the H8/300H 
family. Its m^n features are: 
IS . - eight 324)lt registers OR sixteen 1 6-bit or sixteen 8-bit 

- Serial communication Interface (SCI) 

- 1 0-bit ADC (4 channels) 

- 2kbytesofRAM 

The data for 1 block (by 3 or 4 diannels) will be packaged and transmitted in a 
20 single frame. The sampling time for a frame (1 block at 150 samples/sec) will be 
equivalent to 6.6ms. This data will be combined with block and channel 
information. 

A total of eight bytes is required to transmit one block of data this includes the 
header, two 16-bit channels; Impeller Rotation count and Heart Rate count The 

25 Heart Rate count is only transmitted once a second, or one in every 150 frames. 
Heart rate Is an output indicating the millisecond value from the . previous beat or 
the millisecond of the beat that occurred during that packet of Information. This is 
used to calculate Instantaneous HR on a beat to beat basis: Alternately the 
number of beate in 15 sees is totalled and then multiplied by 4 to get the HR. The 

30 algorithm then runs on a 5 sec rolling average to srtiooth the data. Given that 
maximum HR will never exceed 250 bpm this means that at most a beat viA\l 
occur every 240 ms which is approximately 1 pulse every 2 packete of 



infonnation-Table 1 shpvre a block of data excluding ^e; franking and. n^work 
Information data. 



.Table t' ' 


. Byla 1 


Frame headeKxEE) 


• 2 


Number of Plocl«(4 bft8) 
Number of channels (4^ bits) 


.3 


ACC"Y" bits 1-8 ,. 


4 


; . ACC 'Y° bits 9-16. 


5 


ACC"X" bite 1-8 


6 


ACC "X" bite 9-16 


7. 


ImpeOer ro^on count (Sbits) 


8 


Heart rate CQuntX8bite) 



Table 2 illustrates an example of the bit stream for 2 frames. The first frame 
containing two 16-bit channels and Impeller Rotation count and the second 
frame containing two IB-bit channels. Impeller Rotation cbunt and Heart Rale 
count . 
Table 2 



.. [>ataStream 


Meaning 


OXEE 


Header Byte 


0x13 


OneBlocK ^.3Channels 


OxA9 


AccY Lower Byte 


OxEA 


AccYUpRefByte 


0x46 


Acc X Lower Byte 


0xC9 


Acc X Upper Byte 


0x01 


ImpeDer Rotation Count 


OxEE 


Header Byte 


0x14 


One Block. eg.4Channeis 


0xA9 


Acc Y Lower Byte 


OxEA 


AccY Upper Byte 


0x46 


Acc X Lower Byte 


0xC9 


Acc X Upper Byte 


0x01 


jmpeUer Rotation Count 


0x02 


: y Heart Rate Count 



The accelefoffiefer unjtis powei^d'froni a.Wdit ba^ riejgulated down 

to Svolts intemaily. " 

The dimensions of the acceierorneter unit are 25rnm x 30mm x 9mm (smaller 
that the average matiphbox). The cover needs to be splash proof but importantly 

5 the on/off buttons and stert/stdp buttons etc must be able to be accessed even 
. when the rowers are wesiring gloves. 

All the chips that have been seifected are amongst the smallest available in their 
range, the Hitachi HD64F3672FP measures on 12mm x 12mm, this incorporates 
a 64 pin architecture and the ADXL202 measuring only 5mm x 5mm. 

10 In figure 2 the components of this system are. shown in relatldn to their mounting . 
on a rowing shell. 

A single unit may be used for each crew member or the heart rate lines for each 
crew member can be Included with the acceleroifheter and speed (tata to provide 
a composite set of data. In a multi crew boat each crew member has a receiver 
1 5 within 2 feet that picks up the heart rate signal from the polar heart rate monitor 
strapped to each crew member. Each heart rate monitor transmits a uniquely 
coded signal that is assigned to each crew member . the boat data logger 
receives the heart rate signals for all crew memt^ by cable from the heart rate 
receivers 

20 A GPS unit may be Integrated with the date logger system. This cpiild comprise 
two unite, basic unit plus a second unit for GPS. The units would share the.same. 
serial line and communicate using a network protocol. Alternatively the 
GPS unit could be connected to the basic unit and additional fimoware code 
added to receive and retransmit date. 

25 Inertial navigation systems (INS) may be used to cover the informafion gaps of 
the GPS outages. When the INS approach is used In rowing, the required 
sensors need to be small, lightweight, unobtrusive and Inexpensive. These 
requiremente can be met when the sensore are manufactured with MEMS 
technology. However, due to Inherent biases and drift ejTors of accderometers 

30 and gyroscopes, the accuracy of the current stete-of-the-art MEMS sensore must 
be accounted for in high precision rowing tracking. The basic procedure In INS 
positioning systems Is to proems the inertial sensor date. The double integration 



of acceleration measurements. Mrsnot Ise appJied clije fo tlie lower, accuracy of 
MEMS sensbre. This is because in the double integration. en-Qi-s accumglate 
quickly, which sooii:result in yfeiqcjty en-ore cpmparatrfe to typical rowing spe^s. 
However, the advantages of the INS system ihdiide Its low cost ^nd high output, 
rate of the movement information. .... 

The high precisloh GPS system win jirovride high ^precision ..Velodty and 
acceleration infomnation (accfeilf raillon Is the first derivatiye of velocity and second 
derivative of displacement), .However this .GPS sy^m is nonmally bull«y., 
expensive and provides a low output rate and high power consumption. To solve 
these problerris, an integrated systerti talses advaintage of both low-cost GPS. and 
MEMS sensors jto. provide high perfbrrnance capabilities. WfEMS sensors are 
u^ to provide precise, high rate .(say 200Hz), low cost, lovi? volume, low power, 
rugged, and relial^le geo-positlonlng while law-coat GPS Is used for high 
frequency system calibration (say 6-20Hz). It combines measurements from a 
GPS OEM boana and subsequently GPS chip with inertial measurement units 
. from a combination of three MEMS gyroscopes and accelerometers (say Analog 
Devices). 

A 1 Hz GPS receiver Is the minimum frequency that is practical and ideally a 2-5 
Hz syst^ is preferred. With a 1 Hz receiver accurate velocity and distance 
measurements can be obtained but sampling the accelerometer data is needed 
to obtain stroke rate and intra-stroke characteristics. The accelerometer data 
could be integrated to get intra-stroke velocity but drift would need to be checked 
every second using the output from the GPS receiver. 

The carrier smoothing procedure will be used to improve the accuracy of the low- 
cost GPS pseudorange measuremente: Carrier phase smoothing Is a process 
that the absolute but noisy pseudorange measurenients are combined with the 
accurate but ambiguous carrier phase measurements to obtain a good solution 
Virithout the noise inherent in pseudorange tracWng through ia weighted averaging 
process: A Kalman filtering system wTO be designed to integrate the two system 
measurements. 

Figure 3 presents the stroke signals captured using geodetic type GPS receivers 
and post-processing .with the Kinematic differential . GPS technique. It is 
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demonsfrated that the sjgnais^ M provide a clear picture of the rowing 
stroke phases as described abpye^^ In this partlcpiar stroke, the graph indicates 
. . that the: rower has problem In harmonising his stroke: cycle by using too much 
time In the catch instead of the drwer ^ ; ^ 

5 . To evaluate the accuracy of the GPS carrier phsis^ receiver, two GPS receivers 
were mounted on the same rowing boat sirnulteneously. The base station Is 
located ori. the bank of a river which Is^ about. 1 f^2km away from the course of the 
boat trial. The baseline solutloris from each, of the rowing antennas were 
processed independently from thg base steition using the PPK technique. The 

10 independent baseline length between the . two roving receivers was then 
calculated and compared VMth the result measured using a surveying tape. This 
baseline length is considerecl as a "ground truth" {3,57m In our case). 

RTK GPS has been proved .to be able to provide high precision positioning in 
15 river environment However, ttiere are a number of factors that need to be taken 
Into consideration: 

• Multipath effects: The antenna being positioned near the water surface could 
potentially be prone to laige multipath enror. This effect can be up to 5cni for 
. canler and 5m for. code measucerhehts respectively. 
20 • Signal obstruction/satellite visibility: The GPS antenna is in$talled in a 
constricted space In a racing boat, it is therefore unavoidable that the 
movement of the athlete will block the GPS signals at some time to an 
elevation angle of approwmately 70 degrees. This may potentially cause 
severe signal obstruction problems and loss of GPS solutions. 
25 • Obtrusion: Ideally the presence of any instrument should not cause direct 
visual or physical Impact on the athlete, therefore, the size and height of the 
antenna is a primary consideration. 
The "fixed baseline iengto" and extemal check methods are used. Reliable 
mounting of the GPS receiver fs required. If we assume that the accuracy of the 
30 position to one GPS rover is the same as to the other, then, from the simple 
(Least Squares Adjustment) error propagation law, the accuracy of the position of 
the kinematic GPS measurement (for a single baseline) can be estimated as 
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O.p027m {0^Q0iBn\fB(ii^(2)). A few miilinietre ac^^^ the river height was 

achieved in a three (consecutive) day trial. Givfen the closeness of the antenna 

V- and the reflective nature of the water surface, the perfprnnance of the PPK GPS 

presents consistertt results. ; . . 

5 Figure 4 shows the velbcity detelrmined from ..the GPS position and time ; 

. information using the foltowlrig first-order central difference procedure . 

Veloc^iur)^^ ^XF" 2ZF 

where Oj, is the velocity of the boat (at time T) determined from PPK GPS 
solution. AP^PiT-hAry-PiT-AT) is the plane distance travelled between time 

10 Ti and Taand AT = T2-Ti. AP=V(^j-Ar,y , where E and H are the 

EMting and Northing coordinates of the rovers. The subscripts "1" and "2" 
Indicate that position derived firom rover 2 and rover 1 respertively. The accuracy 
of the velocity (er„ ), can ttien be roughly estimated through the following fomiula 
(using the en'or propagation law): 

15 a„=-iJ — €Tp = -tJ^ 0-0027 « Omm/s 

Where <Tp is the posltronal accuracy and ap = 0.0027m as determined 
previously. 

Figure 5 shows the differences In velocity detemilned simultaneously from the 
code and the earner measurements. Assuming the earner velocity to be accurate 
20 (ie ground truth), the code derived velocity has an average accuracy in the order 
of -0.03 m/s. The results confirm that the accuracy of 0.1 m/sec claimed by the 
manufacturer is correct for more than 95% of observations. 

Those sl<illed in the art will realize that the Invention may be implemented In a 
25 variety of embodiments depending on the water craft used and the number of 
personnel in the water craft. A variety of sensors may also be used to gather data 
applicable to the event and the wiater craft. 



1. Ah on water data logger wJifch m^^ ; 

a) a movement sensor to senge movement 

b) at least one ^physiologlcial sensor attachable to a human body 
by a control unit to receiv^ the data from the movement sensor and the 

physiological sensor : : 

d) said coritnji uhit being programfned to manipula^^ 

and transfonn It Into useful parameters for assessing perfomf)ahce 

e) display means for displayinjgtiie said parameters 

f) storage means for stbrinjg the parameter and/or 

g) telemetry meahs for transmltBng the parameters to a remote confi^^^ 

point 

2. An on water data logger as claimed in claim 1 1n which the data logger Is 
fitted to a rowing craft and physiological sensors are fitted to each crew 
member and anranged to communicate with said data logger: 

3. An on water data logger as claimed in claim 1 or 2 in which the movement 
sensor is an accelerometer that is used to derive stroke rate for a rowing 
craft. 

4. An on water data logger as claimed in any preceding claim that also 
includes a boat speed sensor. 

5. An on water data logger as claimed in any preceding claim which includes 
a GPS unit used to derive velocity, and stroke rate 

6. An on water data logger as claimed in any preceding claim In which the 
physiological sensor is a heart rate monitor. 



ABSTRACT 



A data logger for a rowing sheli and craw which fndudes ari acoelerprrfeter, an 
impeller or flow sensor to sense velbdty. a GPS Unit to seiise position and 
velocity, a heart rate monitor, a controller programmed to manipulate the dafa 
and provide a dlspfay of the heart rate; boat speed;, stroke ratisi etc. The data can 
be stored or. transmitted to a remote computer for use by the coach. 





Ffeure 4? . VelociQ. determined from camerpluse GPS ((a) for a period of one hour, (b) for 
a sectiOD of 100 seconds with an avenge boat velocity of -17 strokes per mmutes.) 



1 




70500 BOObo 8050a 8t000 81S00: 8200D 
UTCtimo.W 



lggBBe9^ GPS vdoci^ difference between code ami cairier^^^ • 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects/m the images include but are not limited to the items checked: 

HBLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SffiES 

□ FJa)ED TEXT OR DRAWING 
BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ g6L0R or BLACK AND WHITE PHOTOGRAPHS 
C/gRAY scale DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



